Amendment to Specification 



Description 

5 

Process for the preparation of pyridine derivatives 

Substituted pyridines are valuable building blocks in organic systems such as 
pharmaceutical or agrochemical synthesis, e.g. herbicide, fungicide or insecticide 
10 synthesis. 

Although there are known synthesis routes to substituted pyridine derivates in the 
literature (cf synthesis of 4-trifluoromethyl substituted pyridine via Reformatsky route: 
Jiang et al. Organic Process Research & Development 2001, Vol. 5, 531-534); synthesis 
15 of 6-trifluoromethyl substituted pyridines: EP 1 340 747 A (Bayer AG), 
E. Okada et al., Heterocycles, 46, 129-132 (1997), P. J. De Fraine et al., 
GB 2..305, 174 2.305. 174 : Y. Yakunin Chem. Heterocycl. Comp. 2000, 36 (12), 1431- 
1436; 

JP 2001 158774 (Ishihara Sangyo Kaisha)) there remains need for versatile synthesis 
20 routes yielding pyridine derivates having an electron withdrawing substituent in the 
4-position of the pyridine ring. Usually the synthesis for pyridine derivatives with this 
electron withdrawing substituents (e.g. trifluoromethyl) yields the the-6-substituted 
pyridine instead of 4-substituted pyridine. 

25 Electron withdrawing substituent shall mean herein a substituent having a -M 

(resonance or mesomeric) and/or a - 1 —(inductive) effect: preferably such substituents 
are 

a) C1-C20 carbo organic radicals, preferably d-20-alky or C6-2oaryl substituents - which 
30 bear at least one halogen (F, CI, Br, I) atom or are fully halogenated, which means all 

non-C-C-bonds are C-halogen bonds. Preferably the halogens are chlorine or fluorine, 
most preferably fluorine. Very preferable are fully fluorinated Cj^-alkyls or C 6 -io-aryls, 
such as trifluormethyl, pentafluorethyl, heptafluorpropyl, heptafluorisopropyl, 
pentafluorphenyl, most preferably trifluormethyl; 

35 

b) C1-20 alkoxy or C6-2o-aryloxy both bearing at least one halogen atom (F, CI, Br, I) or 
which are fully halogenated (cf above), preferably -the halogen atoms are chlorine or 
fluorine. Very preferable are fully fluorinated Ci.6-alkoxy or C^io-aryloxy, such as 
trifluormethoxy, pentafluorphenoxy; 

40 
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c) cyano; 



d) nitro. 

5 A further demand is for pyridine derivatives which bear in the 3-position a sulfur 
containing group (eg a thiolatc group) which sulfur is bound directly to the pyridine 
ring. 

A further demand is for pyridine derivatives which bear in the 4-position an electron 
10 withdrawing group and in the 3-position a sulfur containing group which sulfur is 
directly bound to the pyridine ring. 

Another demand is for pyridine derivatives which bear in the 2-position a hydroxy, 
amino or alkoxy substituent and preferably additionally in the 4-position an electron 
1 5 withdrawing group. 

Another demand is for pyridine derivatives which bear in the 2-position a hydroxy, 
amino or alkoxy substituent and preferably additionally in the 4-position an electron 
withdrawing group and in the 3-position a sulfur containing group which sulfur is 
20 directly bound to the pyridine ring. 

The object of the present invention is to provide a versatile process for the preparation 
of substituted pyridines, in particular substituted pyridines which have an electron 
withdrawing substituent in the 4-position or pyridines which bear in the 4-position an 
25 electron withdrawing group and in the 3-position a sulfur containing group which sulfur 
is directly bound to the pyridine ring. 

The further object the present invention is to provide phosphorus compounds and/or 
other intermediates which are useful in the preparation of above mentioned pyridine 
30 synthesis process. 

The further object the present invention is to provide the use of phosphorus compounds, 
a-P-unsaturated carbonyl compound and/or other intermediates in the preparation of 
substituted pyridine synthesis. 

35 

Therefore the process as defined in the claims as well as the phosphorus compounds 
and/or other intermediates, as well as their respective use in synthesis of pyridine 
derivatives have been found. 
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Usually the phosphorus reagents (III) are prepared by reaction of a phosphorus 
compound P(Ar) 3 - in which Ar is a substituted or preferably unsubstituted C6-20 aryl, 
such as phenyl, tolyl, naphtyl.- or P(OR') 3 - in which R' is equal or different and 
independently means C1.20 alkyl, branched or straight or cyclic, such as methyl, ethyl, 
5 n-propyl, i-propyl, n-butyl or C 6 -20 aryl, such as phenyl, tolyl, benzyl, with a suitable 
organic halide of formula a IIL 

Hal-C(E n R 6 JH-Y (a III) 

1 0 wherein 

E n R 6 m = in which 

if n = m = 1 than E = S or S S and R 6 = C|. 2 o-alkyl (branched or straight chain or 
• cyclic); C6-20-aryl - which each of those may be substituted with one or more of the 
15 following groups: F, CI, Br, I, C|.2o-alkoxy, C6-2o-aryloxy, non substituted or preferably 
substituted amino; F, CI, Br, I; 

if n = 0 and m = 1 than R 6 = H, Ci. 2 o-alkyl (branched or straight chain or cyclic); C 6 -20- 
aryl - which each of those may be substituted with one or more of the following groups: 
F, CI, Br, I, Ci-20-alkoxy, C 6 -2o-aryloxy, , non substituted or preferably substituted 
20 amino; F, CI, Br, I; 

Hal = F, CI, Br, I; 

Y = - CN; -C(0)NH 2; -C(0)OCR 7 with R 7 = as defined for Rl below, except H; 

25 

in a know manner yielding the phosphonium salt [(Ar) 3 P-C(E n R 6 m )H-Y] + Hal~ in which 
the variables have the same meaning as under all above ("Wittig Precursor" as follows) 
or (0)P(OR') 2 - C(E n R 6 m )H -Y in which the variables have the same meaning as under 
alii above ("Horner Precursor" as follows). Those reactions are generally known. 

30 

Reaction path A 

(Wittig Reagent or Horner Reagent plus a-P unsaturated carbonyl compound which is 
4-amino substituted) 

35 Path A 1 

1 . The Wittig Precursor in which E n R 6 m has the meaning 

n = m = 1 ; E = S or S S and R 6 has the meaning as defined above and further in 
which Y is - CN or-C(0)OR7 (R7 as defined above), may be as generally known 
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reacted with a base, such as alcoholates, hydrides, carbonates or organo-lithium- 
compounds preferably organolithium compounds such as n-butyl lithium yielding 
the Wittig Reagent (Illal); 



5 the Horner Precursor in which E n R 6 m has the meaning 

n = m = 1; E = S or S S and R 6 has the meaning as defined above and further in 
which Y is - CN or -C(0)OR7 (R7 as defined above), may be as generally known 
reacted with a base, such as alcoholates, hydrides, carbonates or organo-lithium- 
compounds preferably alkaline metal (Li, Na, K, Rb, Cs) alcoholates (very 
10 preferably in the presence of lithium salts, e.g. lithium halides), such as lithium 

alcoholates for example lithium ethoxvdo ethoxide or lithium methoxide 
compounds yielding the Horner Reagent (IIIa2), which formally is bearing a 
carbanion 



15 



EX 

(P) = C-Y (Ilia) 



R ._ 0 -P C Y 



R" 



/ 

-O 



(IIIa2) 



20 in which E = S or S S a nd n and m = 1 , (P) is P(Ar>3 (for Ilia) R' as defined above and 
Y = -CN, -C(0)OR 7 (R 7 as defined above), R 6 is defined as R 1 , except H. Preferably R 6 
is methyl, ethyl, propyl, isopropyl, benzyl or phenyl. 

The abovementioned reactions can be conducted in the presence or in the absence of the 
25 below defined a - p - unsaturated carbonyl compound of formula (Ha). 

2.) The Wittig Reagent (Ilia 1 ) or Horner Reagent (IIIa2) is than reacted, as generally 
known in an organic solvent, such as alcohols (preferably for Horner Reagent), 
halogenated hydrocarbons or polar aprotic solvents (preferably for Wittig 
30 Reagents) like THF, DMF or NMP usually at a temperature in the range of from 

-15 °C, to 120 °C, preferably 0 °C to 70 °C, with the a - 0 - unsaturated carbonyl 
compound of formula (Ha) 

O 

R*C-(CR 1 )=C(R 2 )-G lla 
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wherein 



R l , R 2 independently the same or different are H; Ci-20-alkyl (branched or straight chain 
5 or cyclic); C 6 -2o-aryl - which each of those may be substituted with one or more of the 
following groups: F, CI, Br, I, Ci_ 2 o-alkoxy, C 6 -2o-aryloxy, non substituted or preferably 
substituted amino -; F, CI, Br, I, preferably R 1 , R 2 , are H, methyl, in particular H. 

R 3 is the same as R 1 or R 2 (except H and halogens) and additionally R 3 shall mean -CN, 
10 - NO2,. Preferably R 3 is an electron withdrawing group (as defined above) more 

preferably a fully fluorinated C|_6 alkyl (branched or straight) or fully fluorinated C6.10- 
aryl, such as trifluoromethyl, pentafluoroethyl, heptafluoropropyl heptafluoroisopropyl, 
pentafluorophenyl, most preferably trifluoromethyl. 

15 G = -NH 2 

A very suitable compound Ha is F 3 C-C(0)-CH=CH-NH 2 . 

The molar ratio of (Illal) or (IIIa2) to (Ha) is in general 1 : 1 to 1 : 3, preferably 1 : 1,2. 

20 

Path Al-1 



This reaction leads, after neutralisation and extractive workup if Y = -CN (Ilia- 1 ) to the 
respective pyridine derivatives, preferably - in case E = S - to the pyridine compounds 
25 (Ia-1) 



30 



R 3 




II da-,) 
R^N^NH. 



in which the variables, including their preferred meanings, are as defined above. 

Preferred compounds of formula (Ia-1) are the ones in which R 1 = H, Alkyl, R 2 = H, 
Alkyl , R 3 = -CF3, -C2F5, n - C3F7, i - C3F7, R 6 = methyl, benzyl in particular 
compound (I-al) in which R 1 , R 2 = H, R 3 = -CF 3 , R 6 = Me, benzyl. 



35 Path A 1-2 
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This reaction leads after -hydrolytic workup under acidifying conditions with 
subsequent extraction if 

? 7 (INa-2), 
Y = -C-0(R 7 ) 

(IIIa-2: R 7 as defined above, for example methyl, ethyl, n-propyl, i-propyl, n-butyl, i- 
5 butyl, tert.-butyl, sec-butyl, benzyl, phenyl) to the respective pyridine derivatives, 
preferably - in case E = S - to compounds Ia-2 

R 3 

R\J^SR 6 

X I (la " 2) 

R^N^OH 



10 in which the variables, including their preferred meanings, are defined as above (e.g. 
under section "Path Al-1"). 

Particularly preferred are compounds Ia-2 in which R'=R 2 =H, R 3 = -CF 3 and R 6 = Me, 
benzyl. 

15 
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Path A 2 



The Wittig Reagent (Ilia 1) or Horner Reagent (IIIa2) - in which the variables in the 
group E n R 6 m have the meaning n = 0 and m = 1, R 6 = H, C|. 2 o-alkyl (branched or 
5 straight chain or cyclic); C 6 -20-aryl - which each of those may be substituted with one or 
more of the following groups: F, CI, Br, I, Ci.2o-alkoxy, C6-20-aryloxy, non substituted 
or preferably substituted amino; F, CI, Br, I, preferably R 6 = H, Alkyl - is reacted under 
the conditions as described under Al 2.) above with the a-P-unsaturated carbonyl 
compound (Ha) wherein the variables of Ha, including the preferred variables, are as 
10 defined under Al 2.) above. 

The molar ratio of (Illal) or (IIIa2) to (Ha) is in general 1:1 to 1 : 3, preferably 1 : 1,2. 

This reaction leads, depending on the meaning of variable Y in the Wittig Reagent or 
1 5 Horner reagent, to different pyridine derivatives. 

A 2-1 

Analogous to A 1-1 - if Y= -CN - the reaction yields the respective pyridine derivatives, 
20 preferably - if E n R 6 m has the meaning n = 0 and m = 1, R 6 = H - the pyridine 
compounds Ia-3 

R 3 




(la-3) 



25 in which the variables, including their preferred meanings, are defined as above (e.g. 
under Al-2, Al-1). 

Particularly preferred compounds la-3 are those in which R 1 = R 2 = H, R 3 = -CF3, 
-C2F5. -C3F7. 

30 

A2-2 

Analogous to Al-2 - if Y = -C(0)R 7 (R 7 as defined above, e.g. under Al-2) - the 
reaction yields the respective pyridine derivatives, preferably - if E„R 6 m has the 
35 meaning n = 0 and m = 1, R 6 = H - the pyridine compounds Ia-4 
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R yx H 



in which the variables, including their preferred meanings, are as defined above (e.g. 
under A 1-2). 

5 

Particulary preferred compounds (Ia-4) are those in which R 1 = R 2 = H, R 3 = -CF 3 , 
- C2F5, -C3F7. 

Reaction Path B 

10 (Phosphorus agent plus cc-p-unsaturated carbonyl compound which is substituted in 
4-position with a leaving group) 

Bl 

15 1 . The Wittig Precursor or Horner Precursor in which Y = -CN, -C(0)OR 7 or 
-C(0)NH 2 are reacted with base analogous to Al 1.) 



20 



25 



yielding the ylide reagent (Illbl) and (IIIb2) 



E n R 6 m 

j n m 



(P)=C-Y (lllbi) 



R' — 0"f C Y 



" (IIIb2) 



in which the variables have the same meaning as defined under Al 1.) above, 
except for Y which is -CN or -C(0)NH 2) or -C(0)OR 7 . 



2.) Reagent Illbl or IIIb2 can be then reacted analogous to Al 2.) above with the a- 
30 P-unsaturated carbonyl compound of formula lib 
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o 

R 3 -C-C(R 1 )=C(R 2 )-G lib 

in which the variables, including their preferred meaning, have the same meaning as 
under A 1 2.) above, except for G which is a leaving group. 

5 

Suitable leaving groups G are -OR 1 , -NHR 1 , -N(R ! ) 2 , halogen (F, CI, Br, I) in which R 1 
has the same meaning, including its preferred meaning, as specified for formula (II a) 
above, except H. Preferably R ! , independently the same or different, is a Ci^alkyl such 
as methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl, tert.-butyl, cyclohexyl; i-butyl; a 
1 0 C 6 -ioaryl such as phenyl, tolyl, benzyl. 

A very suitable compound lib is F 3 C-C(0)-CH=CH-OEt. 

This reaction usually leads to a mixture of intermediates IV, see below. 

• 15 

B2 

The Wittig Reagent or Horner Reagent in which Y = -CN or -C(0)NH 2 or -C(0)OR 7 , 
are reacted analogous A 1 2.) above with the a-(3-unsaturated carbonyl compound of 
20 formula II b defined under B 1 2.) above. 

This reaction usually leads to a mixture of intermediates IVa, see below. 

B3 

25 

Reaction path B 1 and B2 usually lead to the following intermediates IV or their related * 
stereo isomers: 
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IV-3 "V-4 

depending on the nature of the base. 

5 Usually alkaline or earth metal alcoholates are used as base. 

If the synthesis path B 1 is followed, in formula IV E and the variables n, m, R 6 shall 
have the meaning: E = S, n = 1, m = 1 and R 6 has the meaning as specified above and if 
synthesis path B2 is followed E n R m 6 shall mean H and in either case the variable R 3 in 
10 formula IV has the meaning as defined above and G has the meaning as defined in lib 
and Y has the meaning as defined in III b above. 

For E n R m 6 = -SR 6 and Y = -CN, -C(0)NH 2 the compounds shall be denoted as IV- la, 
IV-2a, IV-3a, IV-4a and for E n R m 6 = -H and Y = -CN, -C(0)NH 2 the compounds shall 
15 be denoted IV-lb, IV-2b, IV-3b, IV-4b. 

For E n R m 6 = -SR 6 and Y = -C(0)OR 7 the compounds shall be denoted as IV- lc, IV-2c, 
IV-3c, IV-4c. 

20 For E n Rm 6 =. -H and Y = -C(0)NH 2 the compounds shall be denoted as IV- Id, IV-2d, 
IV-3d, IV-4d. 

Usually the intermediates IV are present in a mixture. From this mixture intermediates 
can be isolated e.g. by d e stination distillation or chromatography and characterized. 

25 

However it is not necessary to work up the mixture of IV yielded from path B 1 and B2 
B4 
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A certain group of this mixture as described below may be treated by the following 
three different ways which are generally known, and which lead to substituted pyridines 
as described below: 

5 B 4-1 Bronsted acid catalysed cyclization 

Compounds and mixtures of formula IV- 1 to IV -4 can be reacted with Bronsted-acids 
with or without an organic solvent. Temperatures between -30 °C and 150 °C can be 
used. The acid can be used between catalytic amounts and large excesses. 

10 

B 4-2 Zeolithe catalysed cyclization 

Compounds and mixtures of formula IV- 1 to IV -4 can be reacted with alcohols and in 
case of Y = CN at high temperatures - normally between 150 °C and 300 °C, under 

1 5 Jewis -Lewis acid conditions on the surface of zeolithe catalysts. The reaction can be 
performed as batch reaction (e.g. in an autoclave) or in a continuous manner (e.g. in a 
tube type reactor with the alcohol as carrier gas and reactant). Reaction can yield to 
isomers of 2-alcoxypyridines (formally product of a Pinner reaction) as well as to 2- 
hydroxypyridines. In the case of Y = C(0)ORl it is necessary to do the reaction under 

20 an NH3-enriched atmosphere in order to introduce the nitrogen atom in the pyridine 
ring. 

B 4-3 base, eg ammonium catalysed cyclization 

25 Compounds and mixtures of formula IV- 1 to IV -4 can be reacted with ammonia or salts 
of ammonia under high temperature between 100 °C and 200 °C. Reactions can be 
carried out with or without an inert solvent. 

In all cases products can be isolated by extractive workup after hydrolysis with water. 
30 They can be purified by crystallization or, in certain cases, by distillation. 

B 4-1 and B 4-3 lead usually to a) compounds I a-1 and I a-2 if the mixture containing 
IV-la, IV-2a, IV-3a or IV -4a is used as starting material and b) compounds I a-3 and I 
a-4 if the mixture containing IV- lb, IV-2b, IV-3b or IV-4b is used as starting material. 

35 

B 4-2 leads usually 

a) to compounds I a-5 
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SR 



.6 



(la-5) 



10 



15 



20 



25 



R 1/ ^N OR' 

in which the variables have the above defined meaning, preferably R 1 = R 2 = H, R 3 = - 
CF 3 ,. R 6 = Me, R' = methyl, ethyl 

if the mixture containing IV- la, IV-2a, IV-3a or IV-4a is used as starting material and 
b) to compounds Ia-6 



in which the variables have the above defined meaning, preferably Rl = R2 = H, R3 = - 
CF3, , R' = methyl, if the mixture containing IV- lb, IV-2b, IV-3b or IV-4b is used as 
starting material and if the used solvent is R'OH (R' having the meaning as defined 
above, preferably methyl). 

B4-3a is a variation of B4-3. This base induced cyclization can be conducted in 
ammonia, preferably liquid ammonia, as solvent under usual conditions. 

B 4-3a leads usually to compounds I a- 1 or I a-2 if the mixture containing IV l-c,a, 
IV-2c,a, IV 3-c,a, IV-4c,a is used as starting material and B 4-3a leads usually to the 
compounds I a- 3 or I a-4 if the mixture containing IV-lb,d, IV-2b,d, IV-3b,d or IV-4b,d 
is used as starting material. 

A suitable procedure to conduct the process of the instant invention is the following: 

The Wittig Reagent or Horner Reagent is synthesized and - normally after isolation and 
purification is reacted with the a-P-unsaturated carbonyl compound (cf. path A2 or B2). 

Usually the phosphorus organic compounds of type III are isolated and than further 
reacted with the a-P unsaturated carbonyl compound. This leads depending on the 
substitution of the a-P unsaturated carbonyl compound directly to the pyridine 
derivative (in case of 4-amino substituted a-P unsaturated carbonyl compound) or to the 
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intermediates of formula IV (in case of 4-leaving group substituted ct-P unsaturated 
carbonyl compound) which intermediates may than be cycheized. 



Those intermediates preferably may be isolated and cyclisized by the above-mentioned 
5 reactions, or may be without isolation cyclisized by the above mentioned cyclica'tion 
cvclization reactions. 

The process of the instant invention can be used in the synthesis of agrochemicals or 
pharmaceuticals e.g. agrochemicals as described in WO 02/36595 A2 (DOW 
1 0 AgrSciences LLC) or US 5,57 1 ,775 (DOW Elanco) or Research Disclosure July 2002, 
1230-1231 which are expressly incorporated by reference herein. 

For example compound 



15 




N OCH 3 



(R 6 = methyl) may be oxidized and chlorinated by usual methods leading to 




20 

which then may be reacted in a known manner with 2-amino-[l,2,4]triazolopyrimidine 
or its derivatives, which derivatives are substituted on the six membered ring, preferably 
substituted on the six membered ring with Ci.2o-alkyl (branched or straight chaim chain 
or cyclic); C 6 -20-aryl - which each of those may be substituted with one or more of the 
25 following groups: F, CI, Br, I, Ci-20-alkoxy, C6-20-aryloxy, non substituted or preferably 
substituted amino -; F; CI; Br; I; C|.2o-alkoxy; C6-2o-aryloxy; very preferably substituted 
with the before_mentioned groups on the 5,7 positions on the six membered ring, for 
example 



30 
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which yields usually the respective sulfon-amide compound, for example 




och 3 

5 The process of the instant invention leads regioselectively to valuable pyridine 
derivatives which may be used as valuable compounds for the preparation of 
pharmaceuticals, agrochemicals, in particular sulfonamide type herbicides, or other 
chemicals. 

10 

Examples 

The following examples were conducted under standard conditions of preparative 
organic chemistry. 

15 

trifluoromethyl-diethoxypentene acid ethyl ester 

(mixture of isomers) 

17.1 g (0.1 mol) 4-ethoxy-l,l,l-trifluoro-but-3-en-2-one was dissolved in 200 ml dry 
20 ethanol. 22.8 g (0. 1 mol) phosphono acetic acid triethyl ester was added within 10 min. 
at 10-13 °C. 9.5 g (o.l33 mol) Sodium ethvlate ethoxide was metered in within 25 min. 
at 0-2 °C. The mixture was concentrated under vacuum (50 - 1 mbar) at 40 - 60 °C. 200 
ml Dichloromethane was added. The organic phase was extracted twice with each 85 ml 
water. The solvent was evaporated at 40 - 70 °C (100 - 15 mbar). 
25 Yield: ca. 67 % in respect to the 4-ethoxy- 1,1, 1 -trifluoro-but-3-en-2-one 

2-hydroxy-4-(trifluoromethyl)pyridine 

103.5 g (0.35 mol) 3-trifluoromethyl-diethoxypentene acid ethyl ester (mixture of 
isomers, amount based on GC area-%) and 51.3 g (0.665 mol) ammonium acetate were 
30 heated to 150 - 155 °C over 8 h. A mixture of ethanol, acetic acid and acetic acid ethyl 
ester (ca. 60 g) was distilled off through a small column (20 cm, filled with 3 mm rings) 
during this heating period. The sump (79.8 g) can directly be transferred to the next step 
(yield has been determined only after final methoxylation step). 
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Yield: 67.6 % in respect to 3-trifluoromethyl-5-diethoxypentene acid ethyl ester 



Phosphonoacetonitrile diethyl ester 

677.5 g (4.0 mol) triethyl phosphite were heated to 150 °C. 152.4 g (2.0 mol) 
5 chloroacetonitrile were added at 150 °C over a period of 2 h (offgas chloroethane). The 
mixture was held for 2 more hours at 150 °C (until gas evolvement is finished). The 
mixture was distilled over a small Vigreux column (10 cm). The last fraction with bp 
1 10 - 139 °C at lmbar contained the product. 

Yield: 99 % in respect to chloroacetonitrile (based on GC area-%) 

10 

2-Methylthio-phosphonoacetonitrile diethyl ester 

25.7 g (1.05 mol) sodium hydride was added to 500 ml dry THF under nitrogen. 88.9 g 
(0.5 mol) phosphonoacetonitrile diethyl ester was metered in within 30 min. at 25 - 40 °C 
The mixture was stirred for 30 more min. at 30 °C. 94 g (1,0 mol) dimethyldisulfide was 
15 added within 30 min. at 25 °C and the reaction mixture stirred over night The mixture was 
added to 400 ml CI (10 %) within 15 min at 25 °C. and was extracted twice with each 250 
ml MTBE. MTBE was evaporated under vacuum (2 mbar, 50 °C). 
Yield: ca. 87 % 

20 5,5-Diethoxy-2-thiomethyl-3-trifluoromethyl-pent-2-ene-nitrile 

5 g (0.13 mol) lithium methoxide was added to 20 ml dry methanol. A mixture of 17g 
(0,101 mol) 4-ethoxy-l,l,l-trifluoro-but-3-en-2-one and 24.2 g (0.1 mol) 2-methylthio- 
phosphono acetonitrile diethyl ester in 200 ml methanol was added at 20 - 35 °C. For 
reaction completion the mixture was stirred over night. The solvent was evaporated at 
25 50 °C under vacuum. 180 ml Ethyl acetate and 150 ml Water were added and the phases 
mixed. The organic phase was separated and the aqueous phase extracted twice with 
each 100 ml ethyl acetate. The combined organic layers were dried over sodium sulfate 
and afterwards concentrated under vacuum. 

Yield: ca. 74 % (mixture of E/Z-isomers) in respect to the 4-ethoxy- 1,1,1 -trifluoro- 
30 but-3-en-2-one. 

2-hydroxy-3-thiomethyl-4-(trifluoromethyI)pyridine 

62.0 g (0,22mol) 5,5-Diethoxy-2-methylsulfanyl-3-trifluoromethyl-pent-2-enenitrile was 
dissolved in a mixture of 157.0 g Ethanol and 200.0 g 10 % sulphuric acid. The reaction 
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mixture was heated up to reflux at 70 °C for 5 hours. After complete reaction the ethanol 
was removed under vacuum (120-20 mbar) at 40 °C. During distillation the product 
precipitated as light yellow crystals. The crude product was washed with 9.0 g ethyl 
acetate. From the washing liquor additional product could be isolated by crystallisation. 
5 Yield: 35,4 g corresponding to 77 % 

2-hydroxy-4-(trifluoromethyl)-pyridine 

5 g (0.036 mol) 4-amino-l-trifluoromethylbut-3-en-2-one was dissolved in 50 ml 
methanol. To the mixture were metered during 10 minutes 8 g (0.036 mol) 
10 triethylphosphonoacetate in 10 ml methanol as well as 7.7 g of a 30 % sodium 

methoxide solution in methanol. The reaction mixture was stirred over night and after 
removing the solvent in vacuum the crude product was isolated after hydrolysis with 
water and extraction at pH 4. 
Yield: 1,5 g 25% 

15 

2-hydroxy-4-(trifluoromethyl)-pyridine 

5 g (0.036 mol) trifluoromethyldiethoxypentene acid ethyl ester (mixture of isomers) 
were dissolved in 40 g THF. The solution was metered during 150 minutes into a 250 
°C hot tube reactor, which was filled with a boron doped zeolithe catalyst. As carrier 
20 gas a mixture of 100 1 N2/h and as reactant 50 1 NH3/h were pumped through the reactor. 
The outcoming gas was cooled and quenched into THF yielding to a mixture auf 90 % 
of the desired product as well as 5 % 2-ethoxy-4-(trifluoromethyl)pyridine. 

2-ethoxy-4-(trifluoromethyl)-pyridine 

25 5 g (0.036 mol) trifluoromethyldiethoxypentene acid ethyl ester (mixture of isomers) 
were dissolved in 80 g ethanol. The solution was metered during 150 minutes into a 250 
°C hot tube reactor, which was filled with a boron doped zeolithe catalyst. As carrier 
gas a mixture of 100 1 N 2 /h and as reactant 100 1 NH 3 /h were pumped through the 
reactor. The outcoming gas was cooled and quenched into THF yielding to a mixture 

30 containing 70% 2-ethoxy-4-(trifluoromethyl)pyridine. 

2-hydroxy-4-(trifluoromethyl)-pyridine 

21.4 g (0.075 mol) trifluoromethyldiethoxypentene acid ethyl ester (mixture of isomers) 
and 2 g of a boron doped zeolithe catalyst were placed in an autoclave and 12,75 g of 
35 ammonia (0.75 mol) were pressed. The mixture was stirred at 230 °C for 30 minutes 
and after cooling the residue contained 74 % of the desired product. 

2-hydroxy-4-(trifluoromethyl)-pyridine 
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21.4 g (0.075 mol) trifluoromethyldiethoxypentene acid ethyl ester (mixture of isomers) 
and 2 g of a boron doped zeolithe catalyst were placed in an autoclave and 6.4 g of 
liquid ammonia (0.38 mol) were dosed. The mixture was stirred at 230 °C for 30 
minutes and after cooling the residue was dissolved in methylene chloride, washed and 
5 after distillation of the solvent 9.5 g (99% GC) of the crude product was isolated. 
Yield: 74 % 

2- hydroxy-3-thiomethyl-4-(trifluoromethyl)-pyridine 

5 g (0.018 mol) 5,5-diethoxy-2-thiomethyl-3-trifluoromethyl-pent-2-ene-nitrile (mixture 
10 of isomers), 2 g of a boron doped zeolithe catalyst and 21 g methanol were was stirred 
at 230 °C for 60 minutes and after cooling the residue contained 39 % of the desired 
product, 17 % of 2-methoxy-3-thiomethyl-4-(trifluoromethyl)-pyridine and 2 % of 2- 
amino-3-thiomethyl-4-(trifluoromethyl)-pyridine. 

15 2-hydroxy-3-thiomethyl-4-(trifluoromethyl)-pyridine 

5 g (0.018 mol) 5,5-diethoxy-2-thiomethyl-3-trifluoromethyl-pent~2-ene-nitrile (mixture 
of isomers and 2.7 g ammonium acetate were stirred at 150 °C in a flask for 12 hours. 
After cooling the residue contained 20 % of the desired product, and 37 % of 2-amino- 

3- thiomethyl-4-(trifluoromethyl)-pyridine. 

20 

5,5-Diethoxy«2-thiomethyl-3-trifluoromethyl-pent-2-ene-nitrile 

To a solution of 30 g (0.13 mol) 2-methylthio-phosphono acetonitrile diethyl ester and 

22.6 g (0,13 mol) 4-ethoxy-l,l,l-trifluoro-but-3-en-2-one in 100 ml dry ethanol was 
metered 59.9 g of a 20 % sodium ethoxide solution within 30 minutes. The reaction 

25 mixture was stirred for 2 hours at 70 °C, After cooling the solvent was removed under 
vacuum. 100 ml toluene and 150 ml Water are added and the phases mixed. The organic 
phase is separated and the aqueous phase extracted twice with each 100 ml toluene. The 
combined organic layers are dried over sodium sulfate and afterwards concentrated 
under vacuum. 

30 Yield: ca. 40 % 

5,5-Diethoxy-2-thiomethyl-3-trifIuoromethyl-pent-2-ene-nitrile 

To a solution of 50 g (0.22 mol) 2-methylthio-phosphono acetonitrile diethyl ester and 

37.7 g (0,22 mol) 4-ethoxy-l,l,l-trifluoro-but-3-en-2-one in 100 g dry ethanol was 
35 metered 98.6 g of a 20 % sodium ethoxide solution within 30 minutes. The reaction 

mixture was stirred for 3 hours under reflux. After cooling the solvent was removed 
under vacuum. 200 ml toluene and 100 ml Water are added and the phases mixed. The 
organic phase is separated and the aqueous phase extracted twice with each 100 ml 
toluene. The combined organic layers are dried over sodium sulfate and afterwards 
40 concentrated under vacuum. 
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Yield: ca. 52 % 



5,5-Diethoxy-2-thiomethyl-3-trifluoromethyl-pent-2-ene-nitriIe - 

To a solution of 9 g (0.04 mol) 2-methylthio-phosphono acetonitrile diethyl ester and 12 
5 g (0.071 mol) 4-ethoxy-l,l,l-trifluoro-but-3-en-2-one in 100 ml dry ethanol was 

metered a solution of 1.8 g (0.075 mol) lithium hydroxide in 50 ml of ethanol within 30 
minutes. The reaction mixture was stirred for 5 hours under reflux. After cooling the 
solvent was removed under vacuum. 100 ml toluene and 50 ml Water were added and 
the phases mixed. The organic phase was separated and the aqueous phase extracted 
10 twice with each 100 ml toluene. The combined organic layers were dried over sodium 
sulfate and afterwards concentrated under vacuum. 
Yield: ca. 70 % 

5,5-Diethoxy-2-thiomethyl-3-trifluoromethyl-pent-2-ene-nitrile 

15 To a solution of 2.8 g (0.054 mol) of an 1 M lithium ethoxide solution in ethanol was 
metered at 50 °C a solution of 10 g (0.045 mol) 2-methylthio-phosphono acetonitrile 
diethyl ester and 7.5 g (0,13 mol) 4-ethoxy-l,l,l-trifluoro-but-3-en-2-one in 100 ml dry 
ethanol. The reaction mixture was stirred for 2 hours at 60 °C. 200 ml ethyl acetate were 
added and the organic phase was washed twice with 100 g of water. The organic layer 

20 was dried over sodium sulfate and afterwards concentrated under vacuum. 
Yield: ca. 79 % 

5,5-Dimethoxy-2-thiomethyl-3-trifluoromethyl-pent-2»ene-nitrile 

To a mixture of 5 g (0.63 mol) lithium hydride in 100 ml dry THF was metered a 
25 solution of 95 g (0.43 mol) 2-methylthio-phosphono acetonitrile diethyl ester and 72 g 
(0,43 mol) 4-ethoxy-l,l,l-trifluoro-but-3-en-2-one in 800 ml dry methanol. During 
addition the temperature raised to 40 °C. Afterwards the reaction mixture was stirred for 
additional 2 hours at 25 °C. The solvent was removed under vacuum. 250 ml ethyl 
acetate were added and the organic phase was washed three times with 100 g of water. 
30 The organic layer was dried over sodium sulfate and afterwards concentrated under 
vacuum. 

Yield: ca. 85 % 
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